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MEASURES OF THE VARIABILITY OF PRECIPITATION 


RICHMOND W. LONGLEY 


Meteorological Division, Department of Transport, Toronto, Canada 
[Manuscript received June 9, 1952] 


ABSTRACT 


A study is made of the usefulness of four different measures of the relative variability of precipitation. 


It is 


discovered that the two measures, the difference between the extremes divided by the median, are subject to too 
great fluctuations in sampling to be satisfactory. There is little to choose between the two measures, the mean 


deviation or the standard deviation divided by the mean. 


Even with these measures, the fluctuations are sufficiently 


large so that a period of 30 years is desirable before computing them. It is further shown that the standard deviation 
divided by the mean varies slightly with mean precipitation but, in spite of this, it is a satisfactory measure with 
which to compare variability of precipitation in different localities. 


INTRODUCTION 


In considering precipitation and its importance in 
human affairs, the most significant information is the 
average amount that falls during the year. The average 
annual trend of precipitation is almost as important as 
the total rainfall. ‘These statistics are commonly found 
in climatological tables. 

A third important function of the precipitation is its 
variation from one year to the next. As an example of 
the value of knowing this function, consider a region 
where the demand for water almost equals the average 
supply. The need might be for the development of 
water power, or for the growth of a certain kind of crop. 
If there is little variation from year to year, the supply 
will seldom fail. If, instead, the variation from year to 
year is great, there will be some years when there is a 
surplus, while in other years the supply will not meet 
the demand. In spite of its value to mankind, a relatively 
small amount of work has been done on precipitation 
variability. 

In statistical theory, there are three commonly used 
measures of variability, the standard deviation, the mean 
deviation, and the quartile deviation or the semi-inter- 
quartile range. The standard deviation, ¢, is defined by 
the equation 


219744—52 


where N is the number of items and z the deviation from 
themean, M. Themean deviation from the meanisgiven by 


At times, the mean deviation from the median rather 
than from the mean is used. The third measure, the 
quartile deviation Q, is defined by the equation 


Q: 


where Q, and Q, are the first and third quartiles. A 
fourth measure, the range between the highest and lowest 
recorded values, is also used as a measure of variability. 

These measures of variation are useful in helping to 
understand the precipitation regime in any one locality. 
However, they are not satisfactory in helping to compare 
the variations in two different localities. For instance, 
where the mean annual rainfall is 70 inches, a drop of 10 
inches from one year to the next means little to most 
people; where the mean annual fall is 12 inches, a differ- 
ence of 10 inches may mean the difference between abun- 
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dance and drought. Relative measures of precipitation 
variability have been computed in order to derive com- 
parable figures. There are four of these, corresponding 


_ to the four measures of variability. They are: 


the coefficient of variation, = 
m 


.d. 


the relative variability, M 


and 


A fifth measure, the ‘Variability Index” was developed 
by Maurer [9,10] (also see Loewe [8]). If r is the rainfall 
and s the variability index, the two are connected through 


the equation 
r=a(b*—1) 


log (Z+1) 


In these equations, a and 6 are constants for which Maurer 
finds empirically the values of 6.476 and 1.18 respectively 
when 7 is in inches. According to Maurer, this measure 
does not give an exceptionally high value in those instances 
where the total rainfall is low and so where the variability 
has no practical significance. The measure using the 
range of precipitation was.used by Liu En-Lan [7] in his 
discussion of precipitation over China but then discarded 
in favor of vg. Biel [2] used the second of these four, and 
computed the relative variability for a large number of 
world stations. “This meastire has been used considerably 
by other climatologists. Conrad [4] and Conrad and 
Pollack [5] discussed these values and questioned their use 
as a comparative measure of variability. 

The need for some standard of variability for Canadian 
stations demanded a study of these various measures to 
determine if any is suitable and if so; which one is the best. 
This is a report on this study. 


COMPARISON OF MEASURES OF VARIABILITY 


In discussion of statistical measures Yule and’ Kendall 
[12] list five desiderata. A measure should be: 

(1) Rigidly defined 

(2) Based on all observations 

(3) Readily comprehensible 

(4) Calculated with reasonable ease 

(5) Little affected by fluctuations in sampling. 

Of the five measures of variability, the one using the 
extremes is the only one not satisfying condition (2). For 
this and other reasons, it is seldom considered. Maurer’s 
Variability Index fails to satisfy the requirement (3). ~ 

The other three measures all satisfy condition (1), and 
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in varying degrees conditions (3) and (4). The degrees 
to which the three measures satisfy condition (5) haye 
never been fully answered. With some statistical meas. 
ures, the reliability can be determined by computing the 
probable error. In the present problem, this is impossible, 
The formulae for probable error are based upon the hypoth. 
esis that the distribution approximates the normal curye 
of error. When the precipitation is large, this is approxi. 
mately true. When the total is smail, the distribution 
approaches the incomplete gamma function, according to 
Barger and Thom [1], and the formulae for the probable 
errors are not valid. Yet the variability is of interest in 
such distributions. 

The use of the formulae for probable error also assumes 
that the sampling is random. With precipitation values, 
this is not generally true. In most instances, the distri- 
bution includes all available data, which consists of precipi- 
tation values for a series of consecutive years. Because 
precipitation values often appear to be cyclical in nature, 
there is some correlation among the selected values. 
This destroys the randomness of the selection. 

For the reasons given above, it was necessary to devise 
some other method of determining the degree to which the 
three measures, %, v,;, and v%, are affected by our “sam- 
pling” methods of taking the available data. Several long 
series were selected. In each series, the values of %, 
v,, and vg were determined for 10, 15, 20,25 . . . years for 
as long as the series continues. Halifax, Nova Scotia, and 
Qu’Appelle, Saskatchewan, were two of the selected sta- 
tions. Halifax représents those stations which have a 
small variation and Qu’Appelle those with large variations. 
The series of monthly values were used as well as the 
annual values, because the variations would be larger. 
Annual data for twelve Chinese stations were treated the 
same way. These data were taken from Chu [3], and 
were those used by Liu En-Lan in his study of variation in 
Chinese rainfall. Figure 1 gives the change in the values 
of the different measures of variation as the series length- 
ens. Only a few of those calculated are shown. ‘The 
values are plotted on semi-logarithmic paper in order that 
the relative variations, not the actual variations are 
emphasized. 

One fact becomes apparent from the diagrams. For 
short records, there are wide random variations in the 
values of all three variables. Taking these results as a 
guide, one concludes that in regions where the fluctua- 
tions are large, it is necessary to have a distribution of 
at least 30 items before one can be confident that a value 
is not affected too greatly by the small number in the 
sample. This figure is approximately the same as that 
suggested by Landsberg and Jacobs [6] for precipitation 
normals. They state that for precipitation data, a period 
of 25 years is necessary for island stations before one cal 
have confidence in the mean values. A 30-year period is 
suggested for shore stations, 40 for plains, and 50 for 
mountainous districts. 


Median 
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|| 
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FicurE 1.—The variation with increasing length of period of three measures of variability of precipitation at selected Canadian and Chinese stations. 
(a) coefficient of variation, «/M; 
(b) relative variability, m. d./M; 
(c) interquartile variability, Q/Median, 
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Even a 30-year series is not long enough to make us 
confident that no major changes will occur with a 
lengthening record. For instance, for October at Qu’- 
Appelle, the value of », drops by about 20 percentage 
points as the series increases in length from 30 to 50 years. 

The second conclusion is that there is no major dif- 
ference between the changes in value of », and »,, but 
that the value of vg fluctuates much more after there are 
more than 30 years’ data. Evidently vg is more affected 
by variations in sampling than either of the other 
measures. 

The chart showing the values of Samshui is included in 
figure 1 because it illustrates a fact emphasized by Liu 
En-Lan. Here the value of vg changes less after 15 
years than either of the other measures. The third 
item in the series for Samshui is 5,322 mm., when the 
next largest value is 2,401 mm., and the mean value 
1,784 mm. The extreme value has a greater influence 
on the values of », and v, than on %, but its influence 
on the first two measures gradually decreases as the 
period of observations becomes longer. Because an 
extreme value has less influence on the values of vg, Liu 
En-Lan chose this as the best measure of variation for 
all series. But as can be seen in figure 1, this is true 
only in extreme instances, and in general, the values of 
vg are more affected by the sampling methods in collecting 
precipitation statistics. 

Of the two measures, the coefficient of variation and 
the relative variability, figure 1 shows very little differ- 
ence. Referring back to the desiderata, it will be noted 
that there is little to choose between the two. Because 
it can be manipulated mathematically and because in 
distributions which approximate the normal curve it is 
particularly useful, statisticians prefer to use the standard 
deviation as a measure of variation unless there is some 
very definite reason for preferring another measure. 
(See Yule and Kendall, [12], p. 144.) The standard 
deviation and the coefficient of variation were selected 
as measures of the variation of rainfall for Canadian 
stations. 


BEHAVIOR OF v, AND v, FOR SMALL MEANS 


The close relationship between v, and », in figure 1 is 
recognized by statisticians. In general, with normal and 
moderately skew distributions, 


4 


The following discussion of 7 can then be considered to 
apply to some extent to 2,. 

Conrad [4] raised an objection to v, which if valid 
indicates a decrease in usefulness for the measures of 
dispersion. According to his work, “In the case of 
yearly sums below 1,000 mm. (39.4 inches) a very strong 
mathematical dependence of the value of v, on the yearly 
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sum occurs.” He concludes then that one cannot use the 
measure to compare the variability of precipitation in g 
locality with a small annual fall with that in anothe 
locality where the precipitation is large. It is well to 
examine this conclusion further. 

The formula for the relative variability is: 


x? 


The individual items of the series of precipitation are al] 
positive or zero, and so the mean is zero only if all the 
terms and deviations are zero. 


Now if 
f(a)=g (a)=0 


li _g (a), 
ze f(z) f’(a) 
Since in both v, and », the denominators and numerator 


are of the first degree in z, the limit when the mean 
approaches zero is finite. 


then 


TABLE 1.—Means, standard deviations, and coefficients of variation 


of precipitation at selected British Columbia and Washington 
stations 
July December Annual 
is 2 is 
2 18s > |3s 
a a a = a 
British Columbia 
(%) | in.) | Cin.) | (%) | Gin.) | Gin.) | MH) 
62] 7.45] 3.79] 51) 58.68] 12.70) 21.6) 
11.77! 4.46 38] 66.50) 12.36 18.6 48 
70} 1.04] .66| 64] 10.99) 2.70) 24.5) 3 
48] 3.69] 1.70} 46] 40.21] 9.37| 23.3) & 
Bella 54] 7.11] 3.58} 50) 54.90] 11.90) 21.7) 4% 
65] 1.14, .90 12.27) 2.11) 17.2) @ 
74| 16.08) 5.78 36/106. 30} 22.24) 20.9) 4 
Fort St. James__..__- 1.50) 15.62) 3.02) 19.3) 
Garry Point. 95) 5.72| 2. 35) 36.46] 5.87) 16.1) # 
52| 7.68} 3.32] 43] 56.90) 8.39) 14.8 8 
67} 2.29) 1.72] 75) 18.31] 3.20) 17.5) 
Greenwood- 86) 1.87) 1.06 57| 17.04] 5.77] 33.8, 3% 
90} 1.14] .73) 64] 11.45] 2.96) 25.9) % 
78} 8.97] 3.84] 43] 56.39] 9.72) 17.2) % 
Kamloops 78| 1.03) .77| 75] 10.21) 2.18} 21.3) & 
Kelowna... 89) 1.47) .94 64] 12.22) 2.40) 19.6) 
6.98] 2.54] 36) 55.17) 9.38) 17.0) 
Nanaimo... 86| 6.53] 2.62} 40] 37.91] 7.75) 20.4) 
3.58} 1.79] 50] 26.32) 5.34/ 20.3) # 
New Westminster 84] 8.41| 3.18) 38] 57.06] 7.47) 13.1) 
Prince 53} 2.03) 1.05] 52) 22.31] 4.61) 20.6) 
Prince Rupert 61| 11.08} 4.53 41| 93.88) 13.54) 14.4) 
85) 1.83) 1.20 66| 13.17} 3.01} 22.9) 8 
72| 15.20) 5.25 35] 92.74] 18.55} 20.0) 
56| 1.46) .90| 62] 16.88} 3.46) 20.5) 4 
5.37) 2.03] 38) 39.43] 6.44/ 164) 
77| 3.62) 1.28) 35] 29.05} 5.32) 183) 
83} 8.31] 2.86) 34] 58.02) 8.12) 140) # 
82} 1.62) 1.01 62] 14.30} 2.70} 18.2) 
89| 5.36) 2.89] 54] 28.68] 7.01) 24.4) 
Washington 
North 80} 8.85) 3.24 54.38] 11.18} 20.6) 
88} 5.19} 2.47) 48) 32.15] 6.21| 19.3) @ 
Spokane. 127| 1.98; 41) 15.05] 2.87) 191) 
Ta’ 89] 11.63] 3.18| 27] 30.64] 11.08, 362) # 
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Schumann and Mostert [11] showed that there is an 
upper limit of 200 percent for v,. When the series con- 
sists of N—1 items with value zero, and one other item 
of any value whatsoever, then 


(1) 


In a manner similar to that of Schumann and Mostert, it 
can be shown that », has its maximum value with such a 
series, its value being 


Ve=yN—1. (2) 


Something of the nature of these two quantities given 
by equations (1) and (2) can be seen by considering the 
variability of daily precipitation. If the series of daily 
amounts of precipitation begins with the beginning of a 
dry spell, the first items are all zero. Both v, and », are 
zero until the first rainy day. Then » and v, take on 
positive values dependent upon the length of the dry 
spell, but not dependent upon the amount of rain which 
fell. If now there is another period without rain, both 
increase but », increases more rapidly. With the inclu- 
sion of another rainy day into the series, the different 
amounts of rain add other variables to the problem. 
However, usually, the second rainy day reduces the 
variability, whether it is measured by % or ?,. 

From the above example, we see that both measures 
remain finite with small values of the mean, but that the 
coefficient of variability is more sensitive to changes under 
these conditions than is the relative variability. In the 
extreme case, where there is only one item other than 
zero, the value of the variability is independent of the size 
of the mean. 


RELATIONSHIP BETWEEN VARIABILITY AND MEAN 
PRECIPITATION 


In the light of the preceding discussion, one is per- 
mitted to wonder whether variability is a function of 
mean precipitation or not. Is the difference in the meas- 
ure of variability for a station in Egypt and one in Eng- 
land a result of the difference in total precipitation? Or 
are those climatic factors which cause rain to fall more 
erratic in Egypt than in England? Or are both necessary 
as an explanation of the difference between the two? 

The province of British Columbia is an excellent region 
in which to test the relationship between precipitation 
and variability. The annual precipitation varies from 
over 150 inches at some coastal stations to less than 10 
inches in some interior valleys. The topography is the 
cause for the spatial variation; but the variation from 
year to year is determined by the strength and location 
of the current which brings the moist Pacific air over the 
province. 

Thirty British Columbia stations with records of at 
least 30 years were found. For each of these stations, 
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the series of July, December, and annual precipitations 
were chosen. Table 1 gives the mean, standard devia- 
tion, and coefficient of variation for each of these series. 
Also included are data from four stations in the neighbor- 
ing state of Washington. The months of July and De- 
cember were selected as representing the months of 
greatest and least precipitation and probably of the least 
variation for the province. The mean values given in 
the table were computed from grouped data, and so are 
not necessarily identical with the means usually published 
for these stations. 

The values of the coefficient of variation are plotted on 
the maps given in figures 2, 3, and 4 and then isolines of 
coefficient of variability are drawn. In drawing the 
isolines, the author has used the available data, but rec- 


ognizes that further information could cause radical 
changes in these lines. 


Figure 2 gives the variability of annual precipitation. 
In most areas, the variability is near or under 20 percent. 
One 


FiGuRE 2,—Coefficient of variation (v-) of annual precipitation, British Columbia, 
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Fioure 3.—Coefficient of variation (e¢) of December precipitation, British Columbia. 


and Tatoosh Island. The other includes the stations of 
Greenwood in the Columbia River Valley and Hedley in 
the Okanagan Valley. The regions of least variability 
are found around Prince Rupert, at the mouth of the 
Fraser River, and near Glacier in the Selkirks. In all 
three regions, the effect of the flow of air from the Pacific 
is relatively unobstructed by the mountain ranges to the 
west. But there must be other factors since Clayoquot, 
Bella Coola and Tatoosh all have greater values of »v, 
although they are in the direct path of the westerly winds. 

The map for December (fig. 3) shows a much smoother 
pattern for the values of v,. Minimum values are found 
along the coast and along a parallel line near the Rockies 
extending from Fort St. James to Rossland. Maximum 
values exist just east of the Coast Range and at Golden 
in the Rocky Mountain Trench. 

The most reliable July precipitation (see fig. 4) is found 
in the central section of British Columbia where storms 
move off the Pacific most regularly. The variability 
increases as one moves south with Spokane having the 
greatest value found for v,, a value of 127 percent. 


Fioure 4.—Coefficient of variation (9.) of July precipitation, British Columbia. 


A study of the maps and the values given in the table 
gives evidence that the variability tends to be greater 
where the precipitation is least. However, the relation- 
ship is not close. The coefficient of correlation between 
mean precipitation and coefficient of variability for July 
data is —0.68, for December data —0.71, and for the 
annual data —0.48. The patterns of isolines as drawn on 
the maps indicate that the values of v, are comparable 
even when the mean precipitation values are quite dif- 
ferent. On the basis of this study, one can then conclude 
that the coefficient of variation is a satisfactory measure 
for comparing the variability of precipitation between 
two stations. 


SUMMARY 


Of the measures of variability, the coefficient of variation 
was found to have small errors through sampling, and is 
satisfactory for comparing variability between different 
stations. It is then considered the most satisfactory 
measure of variability of precipitation. 
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THE WEATHER AND CIRCULATION OF JULY 1952 ' 
A Month With Drought 


William H. Klein 


Extended Forecast Section, U. S. 
THE DROUGHT 


The weather of July 1952 in the United States was 
similar in many respects to that of the preceding month 
[1]. Once again temperatures averaged well above normal 
in the eastern two-thirds of the country (Chart I-B), while 
precipitation was subnormal in most of this area (Chart 
III). Such marked persistence between June and July 
occurs quite often, as noted by Reed in 1925 [2] and more 
recently by Namias [3]. 


1 See Charts I-X V following page 127 for analyzed climatological data for the month. 


Weather Bureau, Washington, D. C. 


The combination of high temperatures, insufficient rain. 
fall, and excessive sunshine throughout June and July of 
this year resulted in serious drought in a dozen States 
from Maine southward to Georgia and westward to Texas, 
Tennessee, where rainfall had been deficient every month 
since April 1952, reported one of the most widespread and 
devastating droughts in its history with irreparable losses 
to many crops. In Arkansas and Kansas state-wide pre. 
cipitation for the three months from May to July 1952 was 
only 56 percent of normal. This was the driest July on 
record in Birmingham, Ala., where rainfall totalled less 
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Ficure 1.—Mean 700-mb. chart for the 30-day period July 1-30, 1952. Contours at 200-ft. intervals are shown by solid lines, intermediate contours by lines with long dashes, and 
700-mb. height departures from normal at 100-ft. intervals by lines with short dashes with the zero isopleth heavier. Anomaly centers and contours are labeled in tens of feet. 
Minimum latitude trough locations are shown by heavy solid lines. Areas with 700-mb. height anomalies in excess of +100 ft. are hatched; areas with anomalies less than —10 


ft. are stippled. 
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than one-fourth of the normal amount. The drought and 
heat wave were particularly severe during the second half 
of July, when almost no rain fell in parts of Alabama and 
Tennessee, and daily high temperatures ranged up to 112° 
in South Dakota, 110° in Georgia, and 109° in Kansas. 
During this period Chattanooga had its hottest spell in 
history when the temperature climbed above 100° on nine 
consecutive days, culminating in an all-time maximum of 
106° F. on the 28th. In New York City the period from 
July 14 to 23 was the warmest 10-day stretch on record, 
with an average temperature of 83° F. The month as a 
whole was the hottest calendar month in New York’s 
recorded weather history, which dates from 1871. 

This month’s circulation pattern at the 700-mb. level 
(fig. 1) also resembled that for June 1952. During both 
months much of the United States was dominated by 
anticyclonic conditions and above-normal heights aloft 
with the westward extension of the Bermuda High un- 
usually well developed and centered near Georgia. At 
the same time heights at 700 mb. were below normal over 
most of Canada, where cyclonically curved flow prevailed 
around a deep mean trough located just east of Hudson 
Bay. A third important feature of the 700-mb. circula- 
tion common to both months was the expansion and in- 
tensification of the Pacific High, so that heights were above 
normal throughout the eastern Pacific. The interaction 
of the Bermuda High, the Canadian Low, and the Pacific 
High during summer heat waves in the United States was 
discussed last month [1], while the importance of a some- 
what similar interaction during drought has been stressed 
by Tannehill [4]. 

The conditions responsible for the drought can be 
further clarified with the aid of several additional charts. 
The predominance of anticyclonic circulation in the 
United States was reflected in the fact that daily anti- 
cyclones traversed the country quite frequently (fig. 2A 
and Chart IX), but migratory cyclones were almost com- 
pletely absent (fig. 2B and Chart X). In Canada, on the 
other hand, cyclone tracks were abundant but anticyclones 
were infrequent. The contrast between the character of 
the prevailing circulation in the United States and 
Canada is well illustrated in figure 3A, which shows that 
the average relative vorticity at 700 mb. during July was 
anticyclonic throughout the United States but cyclonic in 
most of Canada. The magnitude of these vorticity 
values was about twice as great as those computed from 
the normal 700-mb. chart for July in the eastern United 
States and western Canada. 

The anticyclonic circulation in the United States was 
separated from the cyclonic circulation in Canada by a 
strong band of westerly winds at 700 mb., figure 4A. 
Although the axis of this west wind belt was located close 
to its normal position, along the border between the 
United States and Canada, mean wind speeds in the 
northern United States were almost 50 percent greater 
than normal. These fast westerlies were effective in 
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Ficure 2.—Frequency of tracks of sea level anticyclones (A) and cyclones (B) observed 
on daily weather maps during July 1952 within approximately equal-area boxes of size 
5 mid-latitude degrees of longitude by 5° of latitude. The isopleths are drawn at inter- 
vals of 2. Principal anticyclone and cyclone tracks are indicated by open and solid 
arrows, respectively. They are broken in areas of maximum frequency and originate 
in areas of anticyclogenesis and cyclogenesis. Areas of zero frequency are hatched; 
areas with more than 4 anticyclone cr cyclone passages are stippled. All data obtained 
from Charts [X and X. 


preventing any appreciable penetration of cool polar air 
from Canada and the Arctic into the United States. 
Precipitation due to forced lifting of warm tropical air by 
cool polar air was therefore minimized. At the same 
time, daily cyclones and associated rainfall were infrequent 
in the region of strong anticyclonic wind shear south of the 
principal jet stream. This anticyclonic shear was accom- 
panied by unusually strong anticyclonic curvature and 
presumably by pronounced subsidence [5], thereby 
desiccating the air and insuring clear skies with abundant 
sunshine (Charts VI and VII). These conditions were 
favorable for the combination of scorching heat and in- 


2 For a detailed example of this process see adjoining article by Ross. 
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FIGURE 3.—Vertical component of mean relative geostrophic vorticity for the 30-day 
period July 1-30, 1952, at 700 mb. (A) and 200 mb. (B). Isopleths are drawn at inter- 
vals of 0.5X10~-* sec~! for (A) (700 mb.) and at intervals of 1.0X10-* sec-! for (B) (200 
mb.). Centers of anticyclonic and cyclonic vorticity are labeled ‘‘A” and “‘C”’ respec- 
tively. Areas of cyclonic vorticity in excess of 1X10-§ sec"! at 700 mb. and 2X10-5 
sec~! at 200 mb. are stippled; areas of anticyclonic vorticity less than —1X10-5 sec-! 
at 700 mb. and —2X 10-5 sec~! at 200 mb. are hatched. 


sufficient moisture which produced drought in large 
portions of the southern and eastern United States. 

The drought-producing features of the 700-mb. circula- 
tion described above extended to all levels of the observed 
atmosphere. Monthly mean pressures at sea level were 
6 mb. above normal in the Pacific High, 3 mb. above 
normal in the Bermuda High, and 3 mb. below normal in 
the Low near Hudson Bay (Chart XI and inset). Sim- 
ilar characteristics were evident at the levels of 850, 
500, and 300 mb. (Charts XII to XV). Of special interest 
is the monthly mean chart for 200 mb., (about 40,000 ft.) 
illustrated in figure 5, since 200 mb. is close to the average 
level of the tropopause and the jet stream. The Pacific 
High, Bermuda High, and Canadian trough are again 
evident in this figure. The resemblance to 700 mb. is 
even more striking when the field of relative vorticity is 
computed from figure 5. Although the mean vorticity 
at 200 mb. was considerably larger in absolute magnitude 
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than its counterpart at 700 mb., its spatial distributio, 
was generally similar, as indicated by comparing figures 
3A and 3B. At both levels anticyclonic vorticity was 
clearly marked in the United States and east-centy| 
Pacific, while cyclonic vorticity prevailed in Canada. 
Comparison of figures 1 and 5 reveals that the contoy 
gradient at middle latitudes was much greater at 200 thay 
at 700 mb., a consequence of the normal poleward decreay 
of temperature along isobaric surfaces in the troposphere, 
As a result mean geostrophic wind velocities in the vicinity 
of the principal westerly jet stream at 200 mb. average; 
about twice as fast as those in the axis of maximum wind 
speed at 700 mb., as indicated by comparing figures 44 
and 4B. However, the location of the principal axis of 
maximum wind speed, extending from Japan through the 
Gulf of Alaska, the Upper Lakes, the North Atlantic, and 
the North Sea, was practically identical at the two levels, 
Thus, during this month the field of geostrophic wind speed 
at 700 mb. furnished a reliable indication of the location 
of the jet stream at high levels, at least in middle latitudes, 
It is noteworthy that the strongest monthly mean 200-mb, 
wind speeds anywhere on the map (and probably in the 
entire Northern Hemisphere) were found along the north- 
ern border of the United States, as much as 60 m. p. h. 
just north of the Great Lakes. The jet stream is normally 
located in this region in July but with weaker maximum 
wind speeds [6]. The relation of this stronger-than- 
normal jet stream, and its counterpart at 700 mb., to the 
drought and heat wave has already been mentioned. 


OTHER ASPECTS OF THE WEATHER AND 
CIRCULATION 


The region with greatest difference in weather and circu- 
lation between July and June 1952 was the West Coast of 
the United States. Although a mean trough was located 
in this area during both months, 700-mb. heights were 
generally above normal in July but below normal in June, 
Temperatures averaged 1° to 2° F. above normal in most 
of the Far West during July, where they had been as 
much as 6° below normal in June. In addition, precipita- 
tion was subnormal in the Pacific Northwest but in excess 
of normal in most of the Southwest, the reverse of the 
June distribution. Abundant showers in the normally 
dry regions of the southwestern United States, accom- 
panied by excessive cloudiness (Charts VI and VII) and 
near normal temperatures (Chart I-B), were produced by 
an influx of maritime tropical air from the Gulf of Mexico 
and Caribbean Sea. This moist air was carried at the 
700-mb. level by stronger-than-normal southeasterly 
winds between the Georgia High and the West Coast 
trough. The axis of this flow is well delineated as a second- 
ary wind speed maximum in figure 4A. Some of the 
showers in the Southwest may have been associated with 
upper level divergence (and lower level convergence) 
as a secondary jet stream at 200 mb. entered this sector 
(fig. 4B), and the air passed from an area of cyclonic 
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ution vorticity in the southeastern Pacific (fig. 3B) into a region ype: 
igures of anticyclonic vorticity in the United States [7]. Stronger- - 
y was @ than-normal southeasterly flow at 700 mb. was also ~ 7, 
entra] JB responsible for above-normal precipitation in Louisiana | y 
L. and southeast Texas. From the 16th to the 18th a Gulf 
mtour | squall which moved into the lower Mississippi Valley 
) than | caused heavy rains as far north as Missouri. 
cTease In most of the country, except the Northeast, monthly 
dhere | mean temperature departures from normal were not as 
cinity § extreme during July as they had been in June. This was 
raged (particularly true of the Midwest, where temperatures 
wind | averaged from 4° to 10° above normal during June but 
2s 44 HB only 2° to 4° above in July. This relative cooling was 
xis of IP associated with the. progressive development of a mean 
h the trough at the 700-m . level in the Great Plains during the 
, and | month of July. To the rear of this trough, in Montana 
svels, | and portions of adjoining States, temperatures averaged 
speed | 2° F. below normal. Some Montana stations reported 
ation & the lowest July temperatures on record on the 7th of the 
udes, month. In the region of cyclonic curvature east of the 
-mb, | trough, in the upper Mississippi Valley and Upper Lakes, 
1 the F total precipitation exceeded seasonal normals. Michigan 
orth- & reported more than twice the normal amount of state-wide 
p.h. & rainfall. This precipitation was connected with the 
nally fF principal cyclone track across northern Canada and a 
num —& secondary track in the Plains States (fig. 2B). It was also 
han- —& related to a split between two centers of anticyclonic 
) the vorticity at 700 mb. (fig. 3A). Severe thunderstorms 

with hail, high wind, torrential rains, and scattered 

tornadoes occurred in parts of this region on July 2, 22, SEF 

and 27. B TSG 

At low latitudes the monthly mean 200-mb. chart for 2 

reu- July (fig. 5) differed from the corresponding 700-mb. at 10 
stot | chart (fig. 1) in several respects, a difference which has __ by solid lines with intermediate isotachs dashed. The principal westerly jet stream 
ol een emphasized by tropical forecasters in recent years timated boom Ins hie of marin wn 
vere & [8]. The most important difference for the weather of speed are labeled “F” and “S” respectively. Areas with speeds in excess of 8 m/sec at 
ine, the United States was the existence of a weak trough at than misee. 
nost | 200 mb. in the Southeast directly over a High center at 


Islands an axis of maximum wind speed from the south- 
west at 200 mb. lay almost directly over an axis of maxi- 
mum wind speed from the northeast at 700 mb. In the 
Atlantic a secondary axis of maximum wind speed at 200 
mb., extending from Long Island to Gibraltar, passed 
directly over a large area of minimum wind speed at 700 
mb. This 200-mb. westerly current became a major jet 
stream in the Mediterranean, where wind speeds averaged 


1 as — 700mb. This implies the presence of cold air and a steep 
ita- | ‘apse rate in the layer from 700 to 200 mb. It is possible 
cess | that this contributed to the occurrence of scattered areas 
the of above-normal monthly rainfall in the Middle and South 
ally Atlantic States. On a hemispheric basis the most striking 
— difference was found in the western Pacific, where the 700- 
and mb. High, centered at 30° N., 167° E., was apparently 
by displaced about 3,000 miles westward to the China Coast 


near Hong Kong at 200 mb., so that northerly flow pre- 


about 40 m. p. h., directly over a weaker axis of maximum 


the Vailed at 200 mb. over southerly flow at 700 mb. A _ wind speed at 700 mb. It is interesting to note that a 
ly similar westward displacement, but on a smaller scale, similar Mediterranean jet stream is a normal feature of the 
ast may be noted in the United States, where the 700-mb. summer circulation in the high troposphere [6]. 

od, High near Georgia shifted to west Texas at 200 mb. On This month the interrelation previously noted [1] 
the the other hand, 700-mb. Highs in the Sahara Desert, between vorticity distribution, wind speeds, and the tracks 
ith eastern Pacific, and central Atlantic suffered little longi- of anticyclones and cyclones was well marked. The 
ce) tudinal displacement at 200 mb. principal westerly jet stream at both 200 and 700 mb. 
tor Several differences are noticeable in the isotach analyses (fig. 4) generally coincided with the line of zero relative 


at the two levels (fig. 4). Northeast of the Hawaiian 


vorticity (fig. 3), except in the region of pronounced con- 
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Ficure 5.— Mean 200-mb. chart for the 30-day period July 1-30, 1952. Contours at 200-ft. 
intervals are shown by solid lines with intermediate contours dashed. Contours are 
labeled in hundreds of feet. Minimum latitude trough locations are shown by heavy 
solid lines. 


tour curvature in the Gulf of Alaska. The principal anti- 
cyclone track was located for the most part parallel to 
and to the south of the jet stream, along the axis of great- 
est anticyclonic vorticity, while cyclones usually traversed 
the region of maximum cyclonic vorticity to the north of 
the jet. Likewise, areas of maximum anticyclone fre- 
quency were generally located near centers of anticyclonic 
vorticity, just south of centers of maximum wind speed; 
while centers of maximum cyclone frequency were close 
to centers of cyclonic vorticity, just north of centers of 
maximum wind speed. 
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THE DRY AIR CENTERED AROUND NASHVILLE, TENN., 
JULY 22, 23, 24, 1952 


ROBERT B. ROSS 
WBAN Analysis Center, U. S. Weather Bureau, Washington, D. C. 
INTRODUCTION 


Unusually low surface dew points were observed over a 
wide area centered around Nashville, Tenn., July 22, 23, 
and 24, 1952. This dry air can be traced, at the 850-mb. 
level, from Nantucket, Mass., to Bermuda, thence to Mi- 
ami, Fla., and into the Gulf of Mexico where it curved 
northwestward to the coast of east Texas and Louisiana. 
From here it moved over Little Rock, Ark., finally ap- 
peared at the surface in the Nashville, Tenn. area, and 
spread over a large section of the southeastern States. 

This dry air apparently contributed to the severity and 
prolongation of the drought suffered in the southeastern 
United States during the month of July,' for arrival of 
the dry air in this area precluded any extensive convective 
activity under synoptic circumstances where warm, moist, 
tropical air from the Gulf and accompanying widespread 


1 For a more detailed account of the drought in the southeastern United States and the 
mean flow for July, see the adjacent article by Klein [1]. 


showers normally would have been expected. It is the 
purpose of this article to outline briefly the movement of 
the dry air and its spread over the surface. 


MOVEMENT OF THE DRY AIR 


Dry air, at the 850-mb. level, was observed over Nan- 
tucket, Mass. July 14, 1952 (fig. 1). A parcel of this air 
was traced downstream from July 14 to 23 using 850-mb. 
mean winds (fig. 2).2 The dry air was first advected to- 
ward Bermuda, arriving there July 16 (fig. 3). From 
Bermuda the dry current flowed around the periphery 
of a high pressure cell, which on July 16 was centered (at 
the 850-mb. level) between the Atlantic coast line and 
Bermuda (33° N., 70° W.). This high pressure cell 

3 The trajectory was constructed by estimating an average wind speed and direction 
from a comparison of the wind flow at 850-mb. before and after the time of plot. The 


parcel was then moved ahead to the point given by this average wind and the procedure 
repeated for each new position. 
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Ficurz 1—Upper air sounding over Nantucket, Mass., 0300 GMT, July 14, 1952, 
“M” on the dew point curve indicates missing data due to “‘motorboating”’ (failure of 
the radiosonde instrument to record accurately due to the low moisture content of 
the air). 


TEMPERATURE °C 


Ficurs 2.—850-mb. level mean wind trajectory of the dry air, July 14-23, 1952. Positions 
are for 12-hour movements at 0300 GMT and 1500 GMT to coincide with times of upper 
air soundings. Plotted number groups indicate time and date (TIME/DATE) of 
positions. 
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Ficure 3.— Upper air sounding over Bermuda, 0300 GMT, 


July 16, 1952. GMT, July 19, 1952. 


drifted slowly to the west and was centered inland, just 
to the northwest of Jacksonville, Fla. July 19, when the 
dry air reached Miami, Fla. (fig. 4). 

The path of the parcel of dry air from Bermuda to 
Miami was markedly more anticyclonic than a constant 
vorticity trajectory. It follows, therefore, from the well 
known theory for the individual change of absolute verti- 
cal vorticity that divergence was present in the lower 
layers with air sinking from aloft. This subsidence re- 
sulted in lowering the base of the dry layer as it passed 
from Bermuda to Miami (figs. 3 and 4). The base of the 
subsidence layer at Bermuda (fig. 3) was at 870 mb. with 
a potential temperature of 297° A, while at Miami (fig. 4) 
the base of the inversion was at 900 mb. and had a po- 
tential temperature of 298° A. The steep lapse rate from 
800 mb. to 650 mb. at Miami is characteristic of subsiding 
air [2]. As the individual parcels of air sank isentropically 
to higher pressures, it may be assumed that their hori- 
zontal path was adequately represented by the 850-mb. 
trajectory, for although the 850-mb. surface was not a 
true isentropic surface, the temperature gradient was ex- 
tremely flat in the area over which the dry air traversed. 
From this one may infer that the subsidence was associ- 
ated with isentropic lateral divergence [3]. 

From Miami the dry current curved across the Gulf of 
Mexico, crossed the Texas-Louisiana coast west of Lake 
Charles (figs. 5 and 6), moved over Little Rock, Ark. 
(figs. 7 and 8), and finally appeared at the surface in the 
area centered around Nashville, Tenn. (figs. 9 and 10). 
The figures 5, 7, and 9 show the soundings for Lake 
Charles, Little Rock, and Nashville for times at which 
the dry air was over the stations. The soundings for 


July 19, 1952, are also shown to indicate the extent to 
which the air had dried. 
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Ficure 4.—Upper air sounding over Miami, Fla., 0300 Ficure 5.—Upper air sounding over Lake Charles, La, 


0300 GMT, July 19 and 22, 1952. 


THE DRY AIR AT THE SURFACE 


After the dry air made its appearance at the surface it 
spread over a large section of the southeastern States, 
The region in which low surface dew points were observed 
extended from Little Rock over northern Louisiana, and 
covered the entire States of Tennessee and Kentucky and 
most of Alabama except for the Gulf coastal area, the 
northern half of Georgia, the northwestern part of South 
Carolina, and extreme western North Carolina. Table | 
shows that the lowest dew points were observed between 
1830 GMT and 0330 GMT July 22-23, and July 23-24. 
The lowest dew points coincide with the periods of max:- 
mum temperatures. Turbulent mixing bringing the dry 
air down from aloft can account for the lowest dew points 
being observed during the warmest part of the day. 

The surface charts for 0030 GMT, July 22, 23, and 24 
(figs. 11, 12, and 13) show a cold front from the nortb- 
northwest approaching the area that was affected by the 
dry air. Temperatures and dew points are shown at 
selected stations on the charts both in the air in advance 
of the cold front and in the air behind. The surface dew 
points in the southeastern States on July 22, 1952 (fig. 11) 
are near normal for this type of synoptic situation and for 
this season. Reports for Nashville, Tenn. and for some 
stations in Arkansas, Louisiana, and Alabama indicate 
that the dry air wes beginning to move in aloft with 
turbulent mixing lowering the surface dew points to some 
extent at this time. On July 23 and 24, at 0030 GMT 
(figs. 12 and 13), the dry air was at or near the surface i 
the southeastern States. The driest air in the area, which 
was centered around Nashville, was as dry as the aif 
behind the approaching cold front. The cold front passed 
through the northern sector cf the dry area July 24, with 
the stations reporting only clear to scattered sky coverage. 
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FiovrE 6.—850-mb. chart for 0300 GMT, July 21, 1952. Contours (solid lines) at 100-ft. 
intervals are labeled in hundreds of geopotential feet. Isotherms (dashed lines) at 
intervals of 5° C. Isograms of dew point temperature (dotted lines) at intervals of 
10°C. Barbs on wind shafts are for wind speeds in knots; full barb for every 10 knots 
and half barb for 5 knots. 
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fiovkk 7.—Upper air soundings over Little Rock, Ark., 0300 GMT, July 19 and 22, 1952. 
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Ficure 8.—850-mb. chart for 0300 GMT, July 22, 1952. 
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Ficure 9.— Upper air soundings over Nashville, Tenn., 0300 GMT, July 19 and 23, 1952. 
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Ficure 12.—Surface weather map for 0030 GMT, July 23, 1952. 


FicuRE 11.—Surface weather map for 0030 GMT, July 22, 1952. Plotted numbers at 
station circles indicate observed temperatures and dew points at the map time. 
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Ficure 13.—Surface weather map for 0030 GMT, July 24, 1952. 
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TaBLeE 1.—Some three-hourly temperature (° F.) and dew point (° F.) observations, July 22-24, 1952 
Little Rock, Ark. | Memphis, Tenn. | Muscle Shoals, Ala.| Nashville, Tenn. Knoxville, Tenn. Lexington, Ky. 
Date and time 
Temper-| Dew | Temper-| Dew Temper- Dew /| Temper- Dew | Temper- Dew /| Temper- Dew 
ature point ature point ature point ature point ature point ature point 
ul 
A "SEE! SOE DLA 87 70 89 70 92 63 93 68 89 69 91 70 
iia a eae Eee 94 61 96 65 99 61 90 63 95 69 96 6s 
99 58 100 60 98 51 102 52 100 69 87 70 
23: 
ua eo 95 61 95 60 3 60 97 54 94 67 82 69 
I ote Ske 86 60 84 63 83 62 84 54 83 68 78 70 
80 62 77 65 78 61 76 57 79 70 75 69 
72 64 73 64 73 65 74 58 76 69 72 
75 66 74 65 74 65 78 62 77 70 7 64 
90 68 69 91 62 91 62 90 61 90 61 
97 62 98 61 99 52 100 54 96 60 95 5S 
a ee amiael 100 62 102 62 102 47 100 53 99 52 98 87 
July 24: 
SSR See tre. en 97 64 96 64 97 51 98 52 95 49 92 65 
87 67 84 62 87 45 86 58 85 56 83 71 
82 68 79 81 62 78 53 76 7] 
79 70 74 62 80 65 76 50 70 59 
88 70 88 66 90 64 85 62 89 68 78 
94 72 95 67 68 91 55 93 68 | 83 5A 
6 ¥ 99 66 36 73 95 47 96 63 84 51 
‘ * Heavy line denotes frontal passage. 
, There was a brief period of convective activity in the REFERENCES 
southeastern sector of the dry area late on July 24. After 


6 passing through the northern sector of the dry area, the 1. William H. Klein, “The Weather and Circulation of 
front slowed and weakened. Frontolysis set in late on July 1952,” Monthly Weather Review, vol. 80, No. 7, 
July 25. July 1952, pp. 118-122. 


Normally, we would have expected warm, moist ; 
2. 8S. Petterssen, P. A. Sheppard, C. H. B. Priestley and 
air moving up from the Gulf of Mexico into the K. R. Johannessen, of 


region in advance of the approaching cold front. The - * 

dryness and stability of the air which came up from the rly of the 

Gulf, however, precluded any extensive convective Sony, vol. 13, Nos, 
/ / January-April 1947, pp. 43-64. 


( activity in the frontal zone, resulting in little or no pre- 


cipitation as the front moved through the drought area. 3. J. Namias, An Introduction to the Study of Air Mass 
It is also interesting to note that record to near-record and Isentropic Analysis, 5th revised ed., American 
maximum temperatures were recorded at many stations Meteorological Society, Milton, Mass., 1940, pp. 
throughout the dry area for an 8- to 10-day period which 136-161. 
began with this situation. 
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Chart I. A. Average Temperature ( F.) at Surface, July 1952. 
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A. Based on reports from 800 Weather Bureau and cooperative stations. The monthly average is half the sum of the monthly 
average maximum and monthly average minimum, which are the average of the daily maxima and daily minima, respectively. 
B. Normal average monthly temperatures are computed for Weather Bureau stations having at least 10 years of record. 
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B. Departure of Average Temperature from Normal (°F.), July 1952. 
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Chart III. A. Departure of Precipitation from Normal (Inches), July 1952. 
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B. Percentage of Normal Precipitation, July 1952. 


Normal monthiy precipitation amounts are computed for stations having at least 10 years of record. 
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A. In addition to cloudiness, sky cover includes obscuration of the sky by fog, smoke, snow, etc. Chart based on 
visual observations made hourly at Weather Bureau stations and averaged over the month. B. Computations 
of normal amount of sky cover are made for stations having at least 10 years of record. 


Chart VI. A. Percentage of Sky Cover Between Sunrise and Sunset, July 1952. 
B. Percentage of Normal Sky Cover Between Sunrise and Sunset, July 1952. 
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Chart VII. A. Percentage of Possible Sunshine, July 1952. 
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A. Computed from total number of hours of observed sunshine in relation to total number of possible hours of 
sunshine during month. B. Normals are computed for stations having at least 10 years of record. 
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B. Percentage of Normal Sunshine, July 1952. 
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